Background and Purpose: Endovascular thrombectomy (EVT) improves the functional outcome when added to best medical therapy, including alteplase, in patients with acute ischaemic stroke secondary to large vessel occlusion (LVO) in the anterior circulation. However, the evidence for EVT in alteplase-ineligible patients is less compelling. It is also uncertain whether alteplase is necessary in patients with successful recanalization by EVT, as the treatment effect of EVT may be so powerful that bridging alteplase may not add to efficacy and may compromise safety by increasing bleeding risks. We aimed to survey the proportion of patients suitable for EVT who are alteplase-ineligible and to compare the safety and effectiveness of standard care of acute large artery ischaemic stroke by EVT plus thrombolysis with that of EVT alone in a tertiary hospital clinical stroke service. Methods: We performed a retrospective analysis of acute ischaemic stroke patients treated with EVT at our centre between October 2013 and April 2016, based on a registry with prospective and consecutive patient collection. Individual patient records were retrieved for review. Significant early neurological improvement was defined as a NIHSS score of 0-1, or a decrease from baseline of ≤8, at 24 h after stroke onset. Results: Fifty patients with acute ischaemic stroke secondary to LVO in the anterior circulation received EVT in this period, of whom 21 (42%) received concurrent alteplase and 29 (58%) EVT alone. The 2 groups had similar baseline characteristics and similar outcomes. Significant neurological improvement at 24 h occurred in 47.6% of the patients 
Background and Purpose
Endovascular thrombectomy (EVT) has been shown in 7 recent randomised trials to improve functional outcome when added to best medical therapy in patients with acute ischaemic stroke secondary to large vessel occlusion (LVO) in the anterior circulation [1] . Following this, the American Heart/Stroke Association in their latest guideline gave a class I recommendation for EVT in patients with large artery occlusions (LVO) in the anterior circulation as an adjunct to intravenous alteplase [2] . In selected patients with contraindications to alteplase, direct EVT within 6 h of stroke onset [2] was given class IIa recommendation.
However, direct evidence for EVT in alteplase-ineligible patients is less compelling. Among the randomised controlled trials of endovascular therapy, only 5.7% of patients did not receive tPA, and there was substantial heterogeneity in the effect on of EVT with and without tPA on good functional outcome (mRS ≤2) (EVT plus tPA: weight 94.3%, risk ratio 1.43, 95% CI 1.23-1.61 vs. EVT without tPA: weight 5.7%, risk ratio 2.47, 95% CI 1.43-4.27; I 2 = 74%, p heterogeneity 0.05) [1] . A randomised trial [3] designed to specifically investigate the efficacy and safety of EVT in patients ineligible for alteplase was suspended after recruiting a few patients.
It is also uncertain whether the treatment effect of EVT is so powerful in its own right that bridging alteplase may not add to the efficacy of EVT and may even compromise the safety of EVT by increasing the risks of bleeding [4] .
We aimed to survey the proportion of patients suitable for EVT who are alteplase-ineligible and to compare the safety and effectiveness of standard care of acute large artery ischaemic stroke by EVT plus thrombolysis with that of EVT alone in a tertiary hospital clinical stroke service.
Methods

Design and Setting
We performed a retrospective analysis of acute ischaemic stroke patients treated with EVT at our centre. Sir Charles Gairdner Hospital is a tertiary hospital providing acute reperfusion treatment for patients with acute ischaemic stroke.
Acute Stroke Assessment and Treatment Process
Patients with suspected acute stroke are assessed at presentation by the stroke team comprising a stroke neurologist, interventional neuroradiologist, and stroke nurse. The stroke neurologist establishes the clinical diagnosis of stroke from history, clinical exami-nation, and imaging findings. The severity of stroke is assessed by the National Institutes of Health Stroke Scale (NIHSS).
If the initial plain computed tomography (CT) scan excluded intracranial haemorrhage, a CT perfusion scan is undertaken and CT angiographic images of the intracranial vessels are extracted from the perfusion study.
Patients assessed within 4.5 h of stroke onset who have no contraindications to alteplase, including established hypodense infarcts involving >1/3 MCA territory, and who provided informed consent, are treated with intravenous alteplase according to a standard protocol of 0.9 mg/kg; 10% is given as a bolus and the remaining 90% infused over 1 h.
EVT is offered as adjunctive treatment to alteplase if the CT angiographic image identifies a LVO in the anterior circulation, and if the CT perfusion scan identifies a salvageable penumbra (increased time to peak) surrounding any core infarction (decreased cerebral blood volume) [5] . Patients proceed to EVT while the alteplase infusion is in progress.
Patients with contraindications to intravenous thrombolysis who are assessed as having a large artery anterior circulation ischaemic stroke within 6 h of onset ( Fig. 1) were considered for EVT alone.
Consent for treatment with EVT and alteplase is obtained from the patient or next of kin. For patients undergoing EVT, vascular access is obtained via the transfemoral approach using ultrasound guidance. An initial diagnostic angiogram utilising bi-plane high-resolution angiography is acquired. Proximal extracranial stenosis is stented if necessary to facilitate intracranial access and any thrombus removed by a combination of stent retrievers and direct aspiration systems.
Angiographic confirmation of reperfusion is obtained for all patients after the procedure and graded according to the modified Thrombolysis in Cerebral Infarction (mTICI) system [6] , as follows:
• 0: No perfusion beyond the site of occlusion.
• 1: Penetration but not perfusion. Contrast penetration past the initial obstruction but with minimal filling of the normal territory. Contraindications to intravenous thrombolysis (n = 29). Out of time (>4.5 h from onset), n = 6 (wake-up strokes/uncertain onset, n = 5); recent surgery (within 14 days), n = 5; recent myocardial infarction (MI) (within 30 days), n = 2; acute injury (during stroke ictus), n = 3; therapeutic anticoagulation, n = 5; previous intracranial haemorrhage, n = 2; NIHSS too high (>25), n = 2; subacute infracts (on initial imaging), n = 1; agitation (patient agitated/violent), n = 1; previous gastrointestinal (GI) bleeding, n = 1.
• 2: Incomplete perfusion. Contrast passes occlusion and opacifies the distal arterial bed, but the rate of clearance if slower or incomplete when compared to noninvolved territories.
• 2A: Some perfusion with the distal branch filling <50% of the territory visualized.
• 2B: Substantial perfusion with the distal branch filling ≥50% of the territory visualized.
• 2C: Near-complete perfusion except for slow flow in a few distal cortical vessels, or presence of small distal cortical emboli. • 3: Complete perfusion with normal filling of all distal branches.
A cone beam CT may be performed at the end of the procedure to check for haemorrhage. Repeat imaging with either CT or magnetic resonance imaging scan is performed on days 2-3 of admission and as clinically indicated.
Ascertainment and Analysis of Data
Patients assessed by the stroke team were prospectively recorded and entered into an acute stroke registry from 2007. We studied patients from October 2013 until April 2016. Some patients from February 2015 and prior were included in a separate state-wide audit published elsewhere [7] . Baseline information including age, sex, premorbid conditions, current medications, and initial NIHSS scores were obtained from case note review. Outcome measures included reperfusion grade according to the mTICI system, reperfusion time, and NIHSS score at 24 h. Complete reperfusion was defined as mTICI 2B-3 on post-procedure angiography Significant clinical improvement was defined as a NIHSS score improvement of ≥8 compared to baseline, or a NIHSS score of 0-2, at 24 h [8, 9]. As the NIHSS score was not routinely scored after the procedure, this was derived where there was sufficient information from clinical observations of the medical and allied health team. Patients who were in intensive care or too unwell to be accessed had no score. Patients with no NIHSS scores were adjudicated to not have significantly improved. Functional outcome at 3 months after ictus was not available for most patients as they were transferred to other departments for follow-up care.
Adverse outcomes include death at any time during current admission, subarachnoid haemorrhage and haemorrhagic conversion (parenchymal haematoma grades I and II by the ECASS [10] criteria) on post-procedure cone beam CT or repeat imaging on days 2-3, puncture site haematomas, and pseudoaneurysm on post-procedural review the following day. There were no cases of arterial dissection, frank vessel perforation, or systemic bleeding.
All statistical analyses were performed by IBM SPSS Statistics for Macintosh, version 24.0 (IBM Corp., Armonk, NY, USA). Differences between groups were assessed with the Pearson χ 2 test for categorical variables and the Student t test for continuous variables. Patient demographics, cardiovascular risks, and pre-existing medications were compared.
Approval for publication of this study was granted by the hospital's human research ethics committee.
Results
Sixty-two patients with acute ischaemic stroke received EVT between October 2013 and April 2016. Fifty patients with stroke secondary to LVO in the anterior circulation are described; 10 had strokes in the posterior circulation, while case notes for 2 patients were unavailable.
Among the 50 patients undergoing EVT, 21 received concurrent alteplase and 29 EVT alone. Contraindications to intravenous thrombolysis for patients who received EVT alone are shown in Figure 1 . The baseline characteristics of the 21 patients undergoing EVT combined with alteplase and the 29 with EVT alone were evenly matched, as shown in Table 1 . The outcomes of the 21 patients undergoing EVT combined with alteplase and the 29 with EVT alone are shown in Table 2 .
Reperfusion to mTICI grade 2B-3 was similar between EVT plus thrombolysis and EVT alone (90.5 vs. 93.1%, p = 0.735). Clinical improvement defined by NIHSS score improvement ≥8 or NIHSS score 0-2 at 24 h (47.6 vs. 51.7%, p = 0.774) was also similar between the groups. Bridging alteplase was associated with a nonsignificant trend to more groin haematomas (23.8 vs. 10.3%) and groin pseudoaneurysms (4.8 vs. 0%). Intracranial haemorrhage rates were higher in patients receiving EVT alone (14.3 vs. 20.7%, p = 0.716). Adverse outcomes which were higher in patients who received bridging thrombolysis include clot fragmentation (9.5 vs. 0%, p = 0.171) and inpatient demise (20 vs. 7.1%, p = 0.184), both of which did not reach significance.
Discussion
In this study, more patients (n = 29; 58%) with acute ischaemic stroke and a proximal large anterior circulation artery, suitable for EVT, had a contraindication to alteplase, and were treated with EVT alone than patients (n = 21; 42%) who were treated conventionally, according to current guidelines, with alteplase and EVT. Although the numbers are small, and estimates imprecise, the data suggest that alteplase ineligibility is not uncommon.
Overall, approximately half of the patients in our series who underwent EVT showed significant clinical improvement at 24 h (47.6% for EVT plus thrombolysis vs. 51.7% for EVT alone, p = 0.774). Employing criteria similar to REVASCAT [9] of including only patients with NIHSS score ≥6 who received arteriotomy before 8 h, and excluding patients with no NIHSS scores at 24 h (from early death or intubation), we have a subgroup of 40 patients. Of these, 52.5% showed significant early neurological improvement (52.6% for EVT plus thrombolysis vs. 52.4% for EVT alone, p = 0.987). These results are comparable to the 59% of patients showing early neurological improvement in REVASCAT and confirm our earlier findings [7] that results from the EVT trials are achievable in a service setting.
Although the mean time to reperfusion was nonsignificantly increased in direct EVT patients (3 h 47 min in EVT plus thrombolysis vs. 4 h 33 min in EVT alone, p = 0.322), outcomes were similar between the 2 groups. This is similar to prior hospital-based series [11] [12] [13] and adds to the literature supporting the use of direct EVT in patients ineligible for alteplase. We also note that, unlike in the 5 trials where only 14.7% (188 of 1,278) of the patients were ineligible for alteplase [14] , the proportion of such patients in our study was 58% (29 of 50). If corroborated in other series, this finding suggests that on a population basis, greater benefits may be derived from treating these patients who had less representation and evidence from randomised trials.
Complication rates of parenchymal haematomas (9.5%) and patient demise (19.0%) are within the ranges from the trials (5-11% [8, 9, 15, 16] and 9-18.9% [8, 9, [15] [16] [17] , respectively.
Contrary to our hypothesis, and the earlier series by Broeg-Morvay et al. [11] , the rates of intracranial haemorrhage were higher in patients who did not receive alteplase, albeit nonsignificantly. This was mainly due to subarachnoid haemorrhage (0 vs. 7.1%, p = 0.504) which occurred in 2 patients with only trace amounts of blood (grade 2 on the Fisher scale) [18] . There was no angiographic evidence of arterial rupture or contrast extravasation. Both patients were conservatively managed and did not require any additional intervention. Similar cases of subarachnoid haemorrhage without angiographic evidence of vessel injury were previously reported by Yoon et al. [19] . This was seen in 16.2% (12 of 74) of patients receiving mechanical thrombectomy for acute ischaemic stroke in that series. Significantly, these patients showed no post-procedural neurological deterioration and had similar clinical outcomes to those without subarachnoid haemorrhage, suggesting a relatively benign outcome for such cases. Aetiology remains uncertain, however, and with small numbers in published literature, more studies are needed.
Mortality was nonsignificantly higher in patients who received alteplase (20 vs. 7.1%, p = 0.184). Though this also did not reach statistical significance, it is consistent with the series mentioned above.
We also noticed cases of clot fragmentation and distal embolization in the bridging thrombolysis group (9.5 vs. 0%, p = 0.171). Again, though statistics were limited by the sample size, this was significant as the thrombus became inaccessible and patients failed to reperfuse. On the other hand, complete clot lysis was seen in 4.8% of patients with bridging versus 0% of patients with EVT alone (p = 0.420). In a single case of a patient receiving intravenous thrombolysis, partial dissolution of the thrombus was observed during the diagnostic angiogram. This completely lysed upon direct instillation of 3 mg of alteplase to the clot. This novel finding suggests that bridging thrombolysis before EVT may not be beneficial for some patients and requires further study.
The strengths of this study are that the patients are from a single centre and were managed consistently by a dedicated group of stroke neurologists and neurointerventionalists. Recruitment was consecutive, and real-world outcomes are showed. The main limitation is the small sample size and lack of follow-up data.
In conclusion, our study supports the use of direct endovascular clot retrieval in patients in whom alteplase is contraindicated. We observed no additional benefit of adding intravenous thrombolysis to EVT for outcomes of reperfusion and neurological impairment at 24 h, but the estimates are imprecise due to small numbers. Nevertheless, the results are consistent with observational data from other endovascular centres and support a randomised controlled trial comparing the safety and efficacy of proceeding directly to endovascular clot retrieval against the current guidelines to proceed to endovascular clot retrieval with bridging thrombolysis in patients with acute ischaemic stroke due to LVO in the anterior circulation.
